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Appendix B

Example of an Engineering Safety Note

An engineering safety note is a management-approved (by division leader or higher)
document that describes the anticipated hazards associated with a piece of equipment
or a process. It describes the Responsible Individual's approach, analysis, and rationale
used to assure the design safety of the equipment, system or process. An ESN does not
have to be prepared by a member of the Engineering Directorate as long as the
individual is technically qualified to prepare the ESN.

The new designations for ESNs are as follows:

• Mechanical Engineering Safety Note, MESN 99-001-OA

• Electronic Engineering Safety Note, EESN 99-001-OA

• Livermore Laboratory Safety Note, LLSN 99-001-OA

Assignment of a safety note number is controlled by the Engineering Records Center,
Building 131, Room 1518.

http://www.llnl.gov/eng/MMED/home1.shtml
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500 PSIG Test Vessel

A. Description

This Safety Note covers test vessel used to contain inert, liquid, or gas at pressures up to
500 psig. The vessel comprises a cylindrical section made of machined stainless steel
pipe (8-inch nominal pipe size, schedule XXS) with a threaded/welded bottom and
flanged/o-ring sealed lid. Three feed-throughs enter the lid via threaded pipe
connections (2 ports are 1/2 inch pipe size; 1 port is 1/8 inch pipe size). LLNL Drawing
Number AAA88-111390 (attached) describes this vessel.

B. Hazard

This vessel represents a potential hazard to personnel and equipment when pressurized
to 500psi with liquid or gas. The latter case involves the greater stored energy and will
therefore be calculated. The energy contained in the gas, assuming a reversible adiabatic
(isentropic) expansion, is given by:
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(Page C-11, Ref. [11])

Where P1 =  MAWP
P2 =  Atmospheric pressure
V1 =  Volume of the vessel
K = Cp/Cv = Ratio of specific heats
E =  Stored energy

For this design: P1 =  500 psia
P2 =  14.7 psia
V1 =  11,305 cc
K =  1.4 for air or nitrogen (worst case)

Adjusting this equation for the proper units and substituting values gives:

E(gmTNT) = 1.492 × 10–6 P1(psi)V1(cc)
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E(gmTNT) =
1.492 × 10–6 × 500 × 11,305

1.4 – 1
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E(gmTNT)  = 13.4 (gmTNT)

C. Calculations

For this vessel, the following design features will be analyzed:

1. Cylindrical hoop stress

2. Bottom thickness

3. Bottom thread shear

4. Lid thickness

5. Lid feed-throughs

6. Bolt/nut thread stress

Design details for this vessel are as follows:

• 32°F to 130°F temperature operation

• Gasket seal = o-ring
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• Vessel materials

— Cylinder:  304 stainless steel per SA-479

— Allowable stress:  Sa-v = 18.800 psig (Ref. 2)

— Yield stress:  Sy = 30,000 psig

— Allowable stress:  Sa-v = 18.800 psig (Ref. 3)

• Bolts

8 each – 3/4-10UNC Soc. HD

LLNL S/N 5305-20496

S(ultimate = 160,000(psig) = Su-b (Ref. [11])

S(allowable) =
Su−b

4
= 40,000(psi)= Sa−b
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• Nuts

LLNL S/N 5310-21810

S(ultimate = 90,000(psig) = Su-n (Ref. [10])

S(allowable) =
Su−n

4
= 22,500(psi)= Sa−n

Thickness of nut = Tn = .640

C.1 Cylindrical Hoop Stress

ro =  7.625/2 =  3.8125

ri =  6.925/2 =  3.4925

R =  ro/ri =  3.8125/3.4925  =  1.092 . . . (use thin-wall equation)

P =
Sa −vEt

ri
(pg. E-8, Eq.[1]. Ref. [1])

Where t =  .320 in.

E =  joint efficiency  =  1*

*This vessel contains no structural welds. In this design no strength credit is
taken for the bottom seal weld. Rather, its only purpose is to provide a gas seal.
The pressure load is fully taken by the 7–12 thread support.

Substituting values gives

P =
18,800 × .320

3.4925
= 1,723(psi)

Vessel (based on hoop stress) is good to 1,723(psig)

Vessel MAWP  =  500 psig  ⇒  OK

C.2 Bottom Thickness

T = 1.0

T = d
i

CP

Sa− νE

(pg. E-10, Eq. [9], Ref. [1])

Where C =  Attachment coefficient

=  .75 (Case Q, pg. E-11, Ref. [1])



MESN 99-001-0A

Solving for P gives

P =
Sa −ν

C

T

d i

 
 
  

 
 

2

Substituting values gives

P =
18,000

.75

1

6.985
 
 

 
 

2
= 516(psi)

Vessel (based on hoop stress) is good to 516 (psig)

Vessel MAWP  =  500 psig  ⇒  OK

C.3 Bottom Thread Shear

Bottom thread is 7-12-2A × 1'' long.

Thread form is

has = .02706 (pg. 62, Ref. [4])

Dm = Major diameter (external thread)

= 7.000

Dp = Pitch diameter

= 7,000 – 2 (.02706)

6.94558

Shear stress in the threads is given by

σs =
F

As
[1]

Where F = Force tending to shear the threads

= Design pressure _ Xs area of bottom

= P ×
π
4

Dm
2 [2]

A = Shear area of thread (pg 103, Ref. [5])

=
πELe

2
[3]
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Where E =  Minimum thread pitch diameter

=  Dp (from page 6)

=  6.94558

Le =  Length of engagement

=  Bottom thickness

=  1.0

Limiting this shear stress to one-half the design stress, as

  
σs =

design stress

2
(Part 1, pg. 5, Ref. [6])

  
σs =

Sa−v

2
[4]

Combining equations 1, 2, 3, and 4, and solving for P gives

P =
Sa −νELe

Dm
2 [5]

Substituting values into equation 5 gives

P =
18,800 × 6.94558 × 1

72 = 2,665(psi)

Threads in vessel bottom good to 2,665 (psig)
Vessel MAWP  =  500 psig  ⇒  OK

C.4 Lid Thickness
Cited references are from ASME Boiler and pressure Vessel Code, Section VIII,
Division 1, 1992, (Ref. 7) unless otherwise stated.

The vessel lid thickness is

T = d
CP

Sa−ν E
+1.9

Whg

Sa−νEd3 (Eq. [10], pg. E-10, Ref. [1])
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Where
C = attachment coefficient (Case K, pg. E-11, Ref. [1])
E = .3

E = 1 (pg E-13, Ref. [1])
hg = Radial difference between bolt circle and pressure seal circle (flange moment arm)

= (9.75-7.335)/2 = 1.2075
d = pressure seal diameter = 7.335
W = flange design bolt load

Solving for P gives

P =
T2

d2 –
1.9Whg

Sa−vd3

 

 
  

 
 Sa−v

C
[6]

C.4.1 Determination of W (Appendix 2, para. 2.5, pg. 312)

W =
  
l a r g e s t of 

Wm1  (operating conditions)

Wm2  (gasket sealing)

 
 
 

Wm1 = H+Hp (Eq. [1], pg. 313)

Where Hp = ∅ for self-energizing seals (o-ring) (Para C3a, pg. 313)

H = hydrostatic end force

=
π
4

G2P (Eq. [1], pg. 313)

G = d = 7.335

Substituting values gives

Wm1 =
π
4

7.3352 × 500 = 21,128(lbs)

Wm2 = 0 for self-energizing seals (o-rings) (Para. C3b, pg. 313)

W = Wm1  =  21,128(lbs) (operating conditions)

C.4.2 Bolt

XS areas are determined as (pg. 310 and Para. C3d, pg. 313)

Am = total required XS area of bolting
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=
  
l a r g e r of 

Am1 (operating conditions)

Am2  (gasket sealing)

 
 
 

Am1 =
Wm1

Sb

Sa = Allowable bolt stress at atmospheric temperature

Sb = Allowable bolt stress at operating temperature

Sa = Sb = Sa-b

Substituting values gives

Am1 =
21,128

40,000
= 0.5282(in2 )

Am2 =
Wm2

Sa
= 0 (from above)

Am = Am1  =  0.5282(in2)

Ab = actual total XS area of bolting

= 8 × XS area of 3/4-10 bolt

= 8 × .334 (pg. 8-12. Ref. [8])

= 2.672(in2)

Ab ≥ Am  ⇒  OK (Para. C3d, pg. 313)

C.4.3 W for Gasket Seating

W =
Am + Ab( )Sa− ν

2
(Eq. [4], pg. 319)

The above equation applies to hard gaskets to protect them from over tightening and
flange overloading. This equation does not apply to self-energizing seals (o-rings), as
gasket seating loads are considered zero.

Thus,

W = Wm1  =  21,128 (lbs).
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Finally, values are substituted into Eq. 6, page 8, to determine lid thickness, as:

P =
1

7.335
 
 

 
 

2
–

1.9 × 21,128×1.2075

18,800 × 7.3353

 

  
 

  
18,800

.3
= 755(psi)

Vessel lid is good to 755 (psig)

Vessel MAWP  =  500 psig  ⇒  OK

C.5 Lid Feed-Throughs

Three male threaded pipe feed-throughs are installed in the vessel lid. These stainless
steel fittings have pressure ratings in excess of 3,000 (psig). The corresponding
internally threaded holes in the vessel lid will be evaluated for their pressure rating
based on thread shear stress. A conservative, approximate analysis for a tapered pipe
thread can be made by using the minimum pitch diameter, Eo, outside pipe diameter,
D, hand tight engagement length, L, and the equations of paragraph C.3, on page 6.

Pipe Size Eo = E D L1 = Le

1/8 .36351 .405 .1615 (pg. 1363, Ref. [9])

1/2 .75843 .840 .320

As in paragraph C.3, Eq. 5, page 7,

P =
Sa −vELe

D2

Substituting values gives

P(1/8thd) =
18,800 × .3635 × .1615

.4052 = 6,729(psi)

P(1/2thd) =
18,800 × .75843× .320

.8402 = 6,466(psi)

Vessel feed-through connections are good to 6,466(psig)+

Vessel MAWP  =  500 psig  ⇒  OK
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C.6 Bolt/Nut Thread Stress

Eight each 3/4-10 UNC nuts and bolts fasten the vessel lid to the vessel. As in equation
[5], page 7, the pressure-stress relationship for this thread system can be shown to be:

• Bolts

P = 8
Sa−bELe

D2
 
 

 
 

Where E = pitch diameter of the external thread (bolt)

= .6773 (Ref. [4])

Le = thickness of the nut

= .640 (Ref. [10])

D = o-ring seal diameter

= 7.335 (Ref. pg. 4)

Substituting values gives

P = 8
40,000 × .6773 × .640

7.3352
 
  

 
  = 2,578(psi)

Bolts are good to 2,578(psig).

Vessel MAWP  =  500 psig  ⇒  OK

• Nuts

P = 8
Sa−nELe

D2
 
 

 
 

Where E = pitch diameter of the external thread (nut)

= .6850 (Ref. [4])

Substituting values gives:

P = 8
22,500 × .6850 × .640

7.3352
 
  

 
  = 1,467(psi)

Bolts are good to 1,467(psig).

Vessel MAWP  =  500 psig  ⇒  OK
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D. Pressure Testing

The assembled vessel shall be pressure tested as follows:

1. Pressure test with helium to 1.5 times MAWP; i.e., 1.5 × 500 = 750(psig). Hold
pressure a minimum of 30 minutes.

2. Leak check with helium to 1 times MAWP; i,e, 500(psig). Any leakage
detectable with a mass spectrometer leak detector hand probe is
unacceptable.

All tests shall be performed by a high-pressure technician and witnessed by an LLNL
pressure inspector.

D.1 Maximum Energy of Distortion Analysis

To ensure that this vessel does not yield during this 1.5 times MAWP pressure
test, the following "Maximum Energy of Distortion Analysis" calculation is
performed.

(Reference pg. E-25, Ref [1])

Stress at test pressure = Svm (combined Von Mises stress)

Svm =
1

2
S1 – S2( )2 + S2 – S3( )2 + S3 – S1( )2[ ] [7]

Define Z = 
ro
r1

 
 
  

 
 

2

=
3.8125

3.4925
 
 

 
 

2

=1.192

S1 =
P

Z –1

=
750

1.192 – 1

= 3,906(psig)

S2 = P ×
Z + 1

Z – 1
 
 

 
 

= 750
1.192 +1

1.192 – 1
 
 

 
 

= 8,562(psig)

S3 = -P

= -750(psig)
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Substituting into equation [7] gives the following

Svm = 8,064(psig)

N = Ratio of yield strength to combined stress

N ≥ 1 to ensure no yielding

Sy = 30,000(psig) (from pg. 3)

N =
30,000

8,064
= 3.72

Cylindrical vessel section will not yield during 1.5 times MAWP pressure test.

E. Re-test/Re-inspection

This system requires a re-inspection every three years and a re-test every six years.
These shall be performed by an LLNL high-pressure technician and witnessed by an
LLNL pressure inspector. Re-testing shall be done at 1 times the manned area MAWP
previously defined in paragraph D.

F. Labeling

The pressure inspector will certify the inspection of this system by completion of an
LLNL Pressure Test/Inspection Record, Form LL3586, and by attaching an LLNL
Pressure Tested Label, filled out as follows:
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G. Special Use Label

This item may be part of the High Pressure Testing Facility equipment inventory. In this
category, it is maintained, utilized, and controlled by that facility. Such equipment may
be made available, on a loan basis, to other LLNL projects. If in this category, the
following label will be affixed:

H. Associated Documentation

1. AAA 88-111390 500(psig) test vessel

2. M.E. 1343 M.E. Test/Inspection Record for 500(psig) test vessel.
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